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INTRODUCTION 
In the semi-arid west, moisture is often the limiting factor in 
plant growth. High crop production is dependent upon rainfall and 
supplemental moisture supplied through irrigation. Plants for these 
areas, which are mot efficient in use of water, other things being 
equal, would be more desirable. 
Water requirement1 could be an important consideration in selec-
tion of more desirable forage plants for this area. 
Many investigators (2, 11, 12 , 13, 24, 26) have shown that varieties 
or genotypes within a species differ significantly in their water require-
ment. This fact indicates the possibility of selecting varieties with 
greater yield, more desirable forage quality, etc., and in addition a 
lower water requirement. 
If differences in water requirement between strains are to be 
properly measured, a technique that will give an accurate evaluation 
with a minimum of time and labor expended is important. Keller (11, 12) 
conducted two studies to develop such a technique. Orchardgrass, • 
Dactylis glomerata, which was being used in the breeding program because 
of its increasing importance as a pasture forage, was used in these pre-
vious studies. This study is a continuation of previous work to obtain 
further information in conducting water requirement experiments. 
l oefined by Briggs and Shants as "the ratio of the weight of water 
abs~rbed by a plant during its growth to the weight of dry matter pro-
duced." 
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REVIEW OF LITERATURE 
Water requirement has been a point of interest for many years. 
Briggs and Shantz (3) in 1912 compiled the most extensive and complete 
review of literature on water requirement up to that date. Some of the 
earliest work on water requirement reported by them was done by John 
Woodward in 1699 and J. B. Lawes in 1850. 
Containers and Covers 
Containers used in past studies vary in size from less than a quart 
to a meter square. Some investigators used covers over the containers 
to reduce evaporation from the soil surface and others left the soil 
surface bare and estimated the amount of loss through evaporation from 
the use of similar cans which contained no plants. 
Various methods of soil coverage were used to reduce evaporation. 
Stephens et al. (26) used a l/4 inch sand mulch. This mulch was 
reported to have reduced the water requirement values 10 per cent over 
those of the bare soil. Briggs and Shantz (2) devised a cover which was 
used by many investigators. This consisted of a metal lid perforated 
with holes through which the plants grew. The lid was sealed to the 
container with wax. Dillman (?), Miller (18), McGinnies (17). Sampson 
(21), and Stephens et al. (26) all used Briggs and Shantz' method. 
Thoro and Holtz (28 ) used a 2-inch sand layer which they reported de-
creased evaporation loss 60 per cent over that of bare soil. Kiessel-
bach (13) used metal lids covered with oilcloth and sealed with 
3 
plastocene. Bailey (1) used a paraffin-coated paper sealed to the con-
tainers with putty. Leather (14) first used no cover but made corrections 
for evaporation from containers having no plants. In later stu~es (15) 
he used a gravel mulch. Keller in his first studies (11) used a pea 
gravel mulch. In later studies (12) a caper cover was used, sealed to 
the container with masking tape, and a chip gravel mulch covering the 
paper. This cover reduced evaporation more than 90 per cent over that 
of a bare soil surface. 
GenotyPe 
Briggs and Shantz (2), Singh et al.(24), Kiesselbach (13), Stephens 
et al. (26), Dillman(?), and Keller (11) ·have all reported varieties or 
strains within species to differ significantly in water requirement. 
Briggs and Shantz (2) first suggested the possibility of developing 
strains having a lower water requirement. 
Singh and Mehta (2J), Singh et al.(23), Keller (11), Dillman(?), 
and Schwarz (according to Sprague and Graber (25) ) all reported that 
yield and water requirement were negatively correlated. 
The majority of workers used only leaf growth as a measure of water 
requirement. Maximov (16) concluded that water requirement studies which 
do not include subterranean parts of the plants could lead t o consider-
able discrepancy in the results, especially in the case of perennials. 
Sampson (21) reported that the roots of grasses form a much higher per-
centage of the total growth than do the roots of cereal crops; therefore, 
use of leaf growth alone could give misleading results. Bailey (l) 
reported that since the roots of Agropyron smithii, Agropyron ciliare, 
and Bromus marginatus composed about one-half of the total growth, 
transpiration ratio should be based on total growth. 
Nitrogen 
The majority of investigators (J, 9, 12, 13, 20, 22 , 23 , 25) 
reported that fertilization of the soil reduced water requirement, 
the amount of reduction depending upon t he initial fertility of the 
soil. 
Moisture 
Many investigators attempted to determine the effect of various 
moisture levels on water requirement. By adding various amounts of 
moisture to the soil these investigators assumed that the moisture 
would distribute itself equally throughout the soil. It has since 
been shown that at levels below field capacity, moisture movement 
virtually ceases. Briggs and Shantz (J) stated that without further 
investigation the direct influence of soil moisture content on water 
requirement cannot be fully established. Later studies by Scofield 
(22) used- various watering frequencies on alfalfa (Hedicago sativa), 
keeping some plants well supplied with moisture and allowing others 
to dry down to a level where the plants wilted. He found that the 
yield was decreased as the frequencies of watering became less but 
that the water requirement at all frequencies was nearly the same. 
Keller (12) used two moisture levels: one kept near field capacity, 
the other allowed to dry down to nearly the permanent wilting point 
then brought back up to field capacity. He found that plants at the 
higher moisture level had the lower water requirement. 
4 
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Clipping of Leaf Growth 
Harrison and Hodgson (10) report that with Dactylis glomerata, 
Agropyron repens, Phleum pratense, and Bromus inermes, frequent and 
close clipping of the tops of the grass reduced the amount of roots 
produced and the total yield of the tops. Crowder et al (6) using 
Lolium perenne and Trifolium incarnatum reported that dry matter yields 
were the greatest w~th the longest intervals between clippings. Peterson 
and Hagan (19) using mixtures of grass and legumes found that all mixtures 
increased in yields as growth intervals were extended from two weeks to 
five weeks. Hagan and Peterson (8) reported t hat t here is general agree-
ment among the workers cited t hat t he more frequent and severe the 
clipping treatment, the lower is the production of roots , shoots , and 
r hizomes. They also reported t hat large differences in yield of pasture 
mixtures used under clipping frequencies lead to large differences of 
forage production per unit of water consumed. Wagner (29 ) reported 
that seed~ grasses and legumes were reduced in amount of top and 
root growth by clipping. The root growth was usually r educed more 
than top growth. Thaine (27) reports that with Russian wild ryegrass 
(Elymus junceus) a gr eater yield of leaves and stems resulted from either 
three or five clippings than from one or two clippings. The r oot yields 
decreased with increased number of clipping, as did the crown. Cart er 
and Law (.5) in studies using Bromus inermis, ~· marginatus, Festuca 
elatior var. arundinaceae, Agropyron cristatut, ~. inerme , and Elymus 
glaucus, reported clipping at JO-ctay intervals severely retarded root 
and leaf growth production of all species. , 
-6 
Sprague and Graber (25) report Seelhorst1 found that grasses 
harvested four times during the summer had a higher water requirement 
than grasses harvested three times. Briggs and Shantz (4) found that 
forced leaf growth of alfalfa through weekly clippings weakened the 
plants, reduced total seasonal yield and resulted in slightly less 
efficient use of water when compared with harvesting at the hay stage 
of growth. Richardson (20) found that defoliation of perennial grasses 
either lowered water requirement or d id not change it. Sprague and 
Graber (25) reported that frequent clippings of alfalfa lowered the 
water requirement materially but such defoliation of bluegrass (Poa 
pratensis) did not greatly affect its water requirement. These in-
vestigators used the leaf growth only. Thorn and Holtz (28) concluded 
that any condition which disturbs the normal life processes, be it 
soil, atmosphere, or pathological, increases the water requirement 
to just such a degree as it depresses the normal function of the ·plant. 
Widstoe (JO) concluded tha t the number of pounds of water required for 
the production of a pound of dry matter varies greatly with the crop, 
the soil, the season, the method of irrigation and cultivation. Leather 
(15) concluded that not only manure, but good tillage, a deep soil, and 
indeed any factor which aids in good development of the crops will tend 
towards an economy of water. 
1conrad von See1horst,"Der Wasserverbranch von ~iese and Weide," 
Jour. fur Landwislschaft 58: Heft - l, 83-88. 1910. 
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MATERIALS AND .HETHODS 
Soil from the Greenville Experimental Farm at North Logan was 
used. This soil was brought into the greenhouse and spread on benches 
to dry for a period of 26 days. During this interval the soil was fre-
quently stirred to insure a u.niform drying. V.lhen the soil was completely 
air dry it was screened through a 3/8-inch mesh screen to remove rocks 
and clods. Samples were then used in determining moisture per cent at 
field capacity. 
One-gallon tin cans, 6 inches in diameter and 7 inches deep were 
used as containers. These cans were painted inside by spraying with 
1 
an acid resistant paint. In each can were measured 470 grams of gravel 
chips, making a 1/2-inch reservoir to hold excess moisture and prevent 
the lower portion of the soil layer from becoming flooded. 
A layer of paper 5-1/2 inches in diameter and made from paper 
towels, was placed over the gravel. This paper prevented soil from 
sifting down between the small rocks and destroying the effect of the 
reservoir. A quarter inch space between the edge of the paper and side 
of the can allowed the soil to settle in between the rocks there and 
served as a soil -wick which permitted the passage of water back into the 
soil layer. Observations made when the soil was washed from the roots 
of the plants indicated that they had permeated this paper layer to some 
extent. The paper, therefore, did not inhibit root growth to any notice-
able degree. 
1Probus, obtainable from Eastman Kodak Stores, Inc. 
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In each can were placed 2600 grams of air-dried, screened soil. 
Two genotypes of orchardgrass found by previous studies (11, 12) 
to be of high high and low water requirement were used. These genotypes 
were each cloned to individual shoots, approximately J inches in length. 
These shoots were placed upright in tap water. They developed thrifty 
roots in li days. 
Half of the cans had 650 grams of water added to the soil and to 
the remaining half, 550 grams of water ·plus 100 grams of water contain-
ing .82 gram ammonium sulphate. This was the equivalent of 400 pounds 
of ammonium sulphate per acre. In planting the clones, one to a can, 
they were placed on top of the moist soil and an additional 400 grams 
of soil were placed around their roots. Moisture moved upward into the 
added soil from the moist surface below. 
A collar made of sisalkraft paper 7-l/2 inches in diameter with a 
2-l/2 inch hole in the cent er, was placed over the exposed soil surface 
in each can. The outside edge of this collar was sealed to the can with 
masking tape (an illustration of this collar is given by Keller (12) ). 
Over the collar were placed 420 grams of gravel chips to reduce evapor-
ation from the soil exposed by the 2-l/2 inch hole. 
Each can was weighed on a Chatillon vegetable scales which had a 
calculated gram scale superimposed upon its face. This calculated gram 
scale read in reverse so that the amount of water to be added was read 
directly. All cans were brought up to field capacity at each irrigation. 
~'•hen the soil was at field capacity, each can weighed 4800 grams. At 
subsequent weighings a record was made of the weight of water added to 
each can. At the beginning of the experiment when the plants were young 
9 
it was necessary to weigh and water them only once a week. The fre-
quency of watering gradually increased until toward the end of the 
study the plants in the high moisture series were weighed and watered 
every other day. At each weighing the plants were rotated in a system-
atic order ~~thin each replication so as to reduce position effect as 
much as possible. As the plants grew larger, compensation was made in 
applying water for the increase in weight due to growth of the plant. 
The experiment wss begun on the 24th of October l953t and completed 
168 days later on the lOth of April 1954. Temperature and humidity 
changes within the greenhouse were recorded continually on a hygrothermo-
graph. No attempt was made to adjust the photo-period. 
The experiment consisted of four variables: two genotypes, nitrogen 
at two levels, moisture at two levels, and harvest interval at three 
levels. Nitrogen was at 0 and the equivalent of 400 pounds of ammonium 
sulphate per acre. }~isture was designated high and low, the high group 
being kept at or near field capacity; the low group allowed to dry to 
nearly the permanent wilting percentage before being brought back to 
field capacity at the next irrigation. The point at which the soil in 
the low moisture cans was allowed to dry was enough above the calculated 
permanent wilting so that temoorary wilting did not occur. Harvest series 
were designated l harvest, 4 harvest, and 8 harvest. Plants in the 1-har-
vest series had the leaves clipped only once, at the end of the study. 
Plants in the 4-harvest series had the leaves clipped four times at 42-day 
intervals. ?lants in the 8-harvest series were clipped every 21 days 
during the 168-day period. 
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Each time a harvest was made, a random sample of the harvested 
plants within each series had the soil washed from their roots and the 
total growth weighed. This was for the purpose of comparing the total 
growth made by the plants in each series to determine the effect of the 
three different harvest frequencies on the total plant growth, amount 
of water used, and water requirement. Plants grown continuously (the 
1 harvest series) were used as the standard for comparison. Table 1 
illustrates· the plan of harvests used and the comparisons made. 
Representative samples taken at each harvest for the measurement 
of total growth consisted of the plant material of one can from each of 
the 8 treatment combinations and five replications. Each group of 
samples taken at each harvest was arbitrarily assigned the number of 
the harvest at which it was to be taken before the beginning of the 
study. Because the plants in each harvest series diminished by 40 
·each time a harvest was made in that series, the three harvest series 
differed in the total number of plants. In the 8-harvest series, )20 
plants were needed; in the 4-harvest series, 160 plants; and in the r 
harvest series, 240 plants. A total of 720 plants, one in each can, 
began the experiment and the eighth harvest took the last 120 .plants. 
That portion of the plant hereafter referred to as leaves was har-
vested with a pair of garden shears, even with the top of the cans. This 
gave a uniform height of cutting of about 1-1/2 inches above the base of 
the crown. After the leaves were cut the soil was removed from the roots 
of the representative sample. The method of removing the soil from the 
roots involved taking the soil-root mass from the can and placing it on 
ll 
Table 1. Plan of harvest showing harvest dates, series harvested, 
and comparisons made 
Harvest number 
and date 
l. ll/14 
2. 12/5 
J. 12/26 
4. l/16 
5. 2/6 
Series harvested, number of plants having roots 
washed, and comparisons made between series 
320 plants in 8~harvest series had the leaves clipped, 
and of these 40 plants had their roots washed. This 
harvest gave total growth for first 21 days. 
280 plants in 8~harvest series had the leaves clipped, 
and of these 40 plants had their roots washed; 160 
plants in the 4-harvest series had the leaves clipped 
and of these 40 plants had their roots washed. This 
harvest compared the growth made and water used by 
plants having been clipped once previously with the 
total growth and water used by plants growing continu-
ously. 
240 plants in the 8-harvest series had the leaves 
clipped and of these 40 plants had their roots washed. 
40 plants in the l·harvest series had their leaves 
clipped and roots washed. 
This harvest compared total growth made and water 
used by plants having been clipped twice previously 
with the total growth made and water used by plants 
growing continuously. 
200 plants in the 8-harvest series had the leaves clip-
ped and of these 40 plants had their roots washed. 
120 plants in the 4-harvest series had the leaves 
clipped and of these 40 plants had their roots washed. 
40 plants from the 1-harvest series had their leaves 
clipped and roots washed. 
This harvest compared the total gro~~h made and water 
used by plants having been clipped three times pre-
viously with that of the plants having been clipped 
once previously and that of plants having grown con-
tinuously. 
160 plants in the 8~harvest series had their leaves 
clipped and of these 40 plants had their roots washed. 
40 plants in the l-harvest series had their leaves 
clipped and roots washed. 
This harvest compared total growth and water used by 
plants having been clipped four times previously with 
that of plants having grown continuously. ' 
l2 
Table 1 (cont'd.) 
Harvest number 
and date 
6. 2/27 
?. J/20 
8. 4/10 
Series harvested, number of plants having roots 
washed, and comparisons made between series 
120 plants in the 8·harvest series had the leaves 
clipped and of these 40 plants had their roots washed. 
80 plants in the 4-harvest series had the leaves 
clipped and of these 40 plants had their roots washed. 
40 plants from the 1-harvest series had their leaves 
clipped and roots washed. 
This harvest compared total growth and water used by 
plants having been clipped five times previously with 
that of plants cut twice previously with that of plants 
having grown continuously. 
80 plants in the 8-harvest series had the leaves 
clipped and of these 40 plants had their roots washed. 
40 plants in the 1-harvest series had their leaves 
clipped and roots washed. 
This harvest compared total growth and water used by 
plants having been clipped six times previously with 
that of plants having grown continuously. 
40 plants in each series had their leaves clipped 
and their roots washed. · 
This harvest compared total growth and water used by 
plants having been clipped seven times previously with 
that of plants having been clipped three times pre-
viously with that of plants having grown continuouely. 
lJ 
a washing screen. This screen consisted of a 16-inch square box with 
4-inc~ wooden sides and a 1/4-inch hardware cloth bottom. A spray of 
water from an ordinary garden nozzle was trained on this system until 
all the soil was removed from the roots. Small rocks and other foreign 
debris which remained in the roots were removed by hand. Special care 
was taken to recover all the roots. Leaves, crowns, and roots were dried 
at about ?;P C. for 3 to 4 days. Roots were severed from the base of the 
crown and the weight of each component recorded separately. 
Evaporation was recorded from cans which contained no plants. There 
were 7 such cans and 5 replications. These J5 cans consisted of 5 with 
a free water surface; 10 with unprotected soil surfaces, 5 at a high-
and 5 at a low-moisture level; 10 cans with a J/4-inch gravel mulch 
over the soil surface, 5 at high moisture, the other 5 at low moisture; 
and 10 cans with a paper collar plus a gravel mulch over the soil surface, 
6 at high and 5 at low moisture. These cans served as an indication of 
environmental conditions within the greenhouse through evaporation loss 
and also as an indicator of the relative efficiency of the various soil 
covers in reducing evaporation. 
Water requirement was calculated as the total grams of water required 
(evaporation and transpiration) by the plant to produce one gram of dry 
plant material. 
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EXPERIMENTAL RESULTS 
Environment within the Greenhouse 
Data obtained from the daily hygrothermograph readings are pre-
sented in Figure l, and evaporation data from the check cans in Figure 
2. Three-week means of the daily temperature readings did not show 
great variation over the course of the study (Figure 1). Daytime temper-
atures fluctuated less (77° F. to 85° F. ) than did the nightime temper-
atures (44° F. to 57° F.). Daytome humidity fluctuated more (ll per 
cent to 44 per cent) than did nightime humidity (52 per cent to 69 per 
cent). Evaporation losses declined from the time the study was initiated 
until January 16, then rose sharply until ~~rch 20, then declined some-
what until the end of the study. Note the low and rela tively steady 
water loss from soil protected by a paper cover plus gravel mulch 
(Figure 2). The first decrease in the evaporation curve is associated 
with the relatively high humidity and lower temperatures during the day. 
The rapid increase in the evaporation curve is associated with the rapid 
decrease in daytime humidity and the increase in the length of day. Day-
time temperature did not rise sharply during the time evaporation was 
greatest--in fact, it declined somewhat. 
In cans without plants, use of the paper cover plus the gravel mulch 
over the soil surface reduced evaporation in the high moisture series to 
9 .2 per cent of that from an exposed soil surface as reported in Table 2. 
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Figure 1. Average day and night humidity and temperature in the 
greenhouse by 21-day periods. from November 14 to 
April 10 
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were not obtained for the first 21-day period. 
Table 2. Grams water lost from gallon cans by evaporation when the soil was covered (paper 
cover and gravel mulch) and exposed (no protection from evaporation) and the per 
cent covered is of exposed for seven 21-day intervals in the low and high moisture 
series. None of the cans contained plants. 
Moisture 
level 4 10 Total 
Low Soil covered 21 . 30 220 
Soil exposed 285 586 2882 
Per cent 9.7 8.0 7.4 11.8 . 9.2 5.8 5.1 7.64 
High Soil covered 40 34 30 45 30 46 40 265 
Soil exposed 417 308 253 399 496 763 797 34)3 
Per cent 9.6 11.0 11.9 12.0 6.0 6.0 5.0 7.72 
!::; 
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In comparable material from the low moisture series loss was reduced 
to 8.) per cent. Since the soil protected with a oaper cover plus 
gravel mulch was little affected by environment (Figure 2), Differences 
among the seven 21-day means in Table 2 reflect changes in the green-
house environment. Low values in Table 2 indicate a greenhouse 
environment favoring high evaporation as indicated in Figure 2. Paper 
cover plus gravel mulch was highly effective in this study, as in that 
of Keller (12). in reducing evaporation. 
Moisture lost through evaporation from cans ~ithout plants was 10 
to 20 per cent of that lost by transpiration plus evaporation in the 
cans with plants in the .S-harvest series (Table 3). Losses were similar. 
on a percentage basis. in the low and high moisture series. In the 4-
harvest series the loss ranged from 4 to 9 per cent and in the 1-harvest 
series it was from 1.8 to 8.2 per cent. ?ercentage of the total moisture 
used by plants that was lost in evaporation decreased from the beginning 
of the study to the end (Table J), and particularly as the number of 
harvests decreased. Moisture lost from the soil covered with the paper 
plus gravel mulch ~~thout plants was f airly uniform throughout the 
experiment. Moisture used in transpiration plus evaporation in cans 
with plants became greater as the plants grew larger. 
Evaporation from cans with plants would be expected to be less than 
evaporation from cans without plants because plants provide shade and 
their roots intercept moisture. 
Table 3. Cumulative grams water lost from gallon cans by evaporation from the soil (no plant ) , 
by both evaporation and transpiration (...-ith plant), and the per cent "no plant" is 
of "with plant. tt In all cans soil was protected by a paper plus gravel mulch. 
Harvest Moisture Dates of 21-da~ intervals and water lost 
series level Contents 1275 12126 1716 276 2727 3?2o 4710 
Eight Low moisture: No plant 40 63 84 118 153 190 220 
With plant 289 391 478 628 828 1182 1543 
~ 
Percentages 13.8 16.2 17.6 18.8 18.5 16.1 14.3 
High moisture: No plant 40 74 104 149 179 225 265 
With plant 270 466 587 793 1122 1721 2486 
Percentages 14.8 15.9 17o7 18.8 16.0 12.9 10.6 
Four Low moisture: No plant 40 84 153 220 
With plant 455 898 1574 3639 
Percentages 8.8 9.4 9 .7 6.0 
High moisture: No plant 40 104 179 265 
With plant 477 1195 3091 6148 
Percentages 8.4 8.7 4.6 4.4 
One Low moisture : No plant 63 84 118 153 190 220 
r~ith plant 770 1236 2298 3835 6411 9110 
Percentages 8.2 6. 8 5.1 4.0 ) .0 2.4 
High moisture : No plant 74 104 149 179 225 265 
~ith plant 1117 1842 3782 6028 10868 14605 
Percentages 6.) 5.6 ).9 ).0 2.2 1.8 
I-' 
\() 
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Yield of Plant Material 
Total yield of leaves, crown, and roots 
Main effects.--Genotype 8 consistently out-produced genotype 4, 
the difference being significant at the 1 per cent or 5 per cent level 
in all but three dates and these were in the 8 harvest series (Table 4). 
Differential moisture began to exert an influence on yield rather 
early in all three series but in the 8 and 4 harvest series the differ-
ences were not enough to be significant until toward the end of the 
experiment. 
There were no significant differences in growth responses to differ-
ent nitrogen levels. 
As would be expected, the interval clipping greatly decreased the 
total yield of the plants. Yields in the 4 and 8 harvest series became 
less as compared with the l harvest series as the experiment progressed 
(Table 5). Percentage lo~s in yield from clipping became greater with 
each harvest. In the 8 harvest series, one previous harvest lowered 
the mean yield to 45 per cent, and 7 previous harvests to 11 per cent 
of the yield on comparable dates of the 1 harvest series. In the 4 
harvest series, where a longer period was allowed f or each regrowth, 
the reduction was not as great. One previous harvest lowered the yield 
to 54 per cent and J previous harvests to J6 per cent of the yield on 
comparable dates of the 1 harvest series. 
Interactions.--~ithin each harvest series interactions between 
genotype, moisture, and nitrogen were non-significant, only one (geno-
type x nitrogen in the 8 harvest series first harvest) out of a total 
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Table 4. Average total dry weight produced in centigrams per plant, 
(leaves plus crown plus roots) by genotype, moisture and 
nitrogen level for the three different harvest series in 
which leaves were clipped each 21 days (8-harvest series), 
each 42 days (4-harvest series), and left unclipped 
(1-harvest series) 
Harvest Treatment 
series 
Eight Genotype 8 179 211 283 435 725 
4 132 184 232 384 515 
Difference 4:2** 22* 4Z* 2Z ~1 ~1 210** 
Moisture Lo¥J 94 120 143 178 224 345 474 
High 77 137 170 217 292 476 768 
lZ 1Z 2Z ~2 68• 1~1** 224** 
Nitrogen Low 65 85 128 154 185 280 446 622 
High 78 87 130 159 210 236 374 612 
Difference 13 02 02 05 25 44 72 10 
Four 0 1 ~ l 
Genotype 8 222 548 1057 2271 
4 156 314 671 1675 
Difference 66• 2~4** ~86•• ~26** 
Moisture Low 192 387 592 1519 
High 186 475 1113 2390 
Difference 06 88 521** 8Zl** 
Nitrogen Low 196 415 925 2017 
High 182 447 790 1917 
Difference 14 ~2 13,2 100 
Q Q 0 0 0 0 
One Genotype 8 499 1030 1825 2677 4370 5961 
4 371 578 1032 1483 3091 4923 
Difference 128* 452** 793 ... 1194** 1279** 10)8** 
Moisture Low 360 652 1123 1715 2998 4401 
' High ' 510 956 1735 2445 4464 6375 
Difference 150** ~04* 612** z~o•• 1466•• l2Z4** 
Nitrogen Low 425 860 1432 2074 3872 5446 
High 445 748 1426 2086 3590 5439 
Difference 20 112 06 12 282 oz 
*Significant difference 5 per cent level. 
**Significant difference l per cent level. 
Table 5. 
Harvest 
Series 
Eight 
Yield per plant (leaves plus crown plus roots) by genotype. moisture level and 
fertility level for the 8- and 4-harvest series. expressed as a per cent o! 
yields from the 1-harvest series on the same date 
Harvest date, number of previous clippings and 
yield in per cent of the 1-harvest series 
12/5- 12/26 1/16 2/6 2/27 J/20 4/10 
Treatment 1 2 3 4 5 6 7 
"' "' 
</. 
"' 
<!> <!> 
"' Genotype 8 48 28 17 12 ll 10 12 
4 41 32 23 18 16 12 10 
Low moisture 49 33 22 16 13 12 ll 
High moisture 41 27 18 13 12 ll 12 
Low nitrogen 43 )0 18 13 14 12 ll 
High nitrogen 48 29 21 15 11 10 ll 
Mean 45 30 20 15 13 ll 11 
1 2 3 
"' "' 
~ 
Genotype 8 53 40 38 
4 54 45 34 
Low moisture 59 34 34 
High moisture so 46 38 
Low nitrogen 48 45 37 
High nitrogen 60 38 35 
Mean 54 41 36 
N 
N 
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of 52 calculated, reaching the 5 per cent level. Harvest intervals 
interacted significantly with genotypes and moisture levels, as pre-
sented in Tables 6 and ?. Harvest intervals x nitrogen levels were 
consistently non-significant. The interactions presented in Tables 
6 and 7 indicate that, under frequent harvests, stress to which the 
plants were subjected was sufficient to lessen both genetic and moisture 
differences. 
-
Yield of component parts--leaves, crown, and roots 
Each component part had a greater yield under high than under low 
moisture, as . might be expected from the results based on total growth 
Tables 8, 9 , and 10). Leaf, cro~~.and root yield showed no response 
to nitrogen. 
Component parts of genotype 8 , yielding the highest total growth, 
were all significantly higher than those of genot~~e 4 with the excep-
tion that under the frequent defoliations of the 8-harvest series 
genotype 4 was somewhat more productive of roots (Table 8 ) . This indi-
cates a difference in the growth habit of the two genotypes. 
Regrowth 
The two genotypes differed significantly .as did the two moisture 
levels in the amount of regro~th after each harvest (Table 11). Genotype 
8 and the high moisture level had more regrowth in both the 8-harvest 
and the 4-harvest series. The difference was si gnificant at the l per 
cent level. 
There was a negligible response t o nitrogen. In only one of 10 
harvests did a difference reach the 5 per cent level. 
Table 6. Summary of first order interactions of harvest series with genotype as they apply to 
total growth made 
Series Harvest date, total growth in centigrams and interactions 
12L2 12L26 1Ll6 
Genotype Genotype Genotype 
8 4 · 8 4 8 4 
Eight harvest 140 118 179 132 
One harvest - 499 371 1030 578 
Interaction 53** 202** 
Eight harvest 107 64 179 132 
Four harvest 222 156 548 314 
Interaction 12 94•• 
Four harvest 584 314 
One harvest 1030 578 
Interaction 91 
*Significant difference 5 per dent level. 
**Significant difference l per cent level . 
2L6 2L2z J.L2o 
Genotll2e Genotype Genotme 
8 4 8 4 8 4 
211 184 283 232 435 384 
1825 1032 2677 1483 4370 3091 
383** 572** 614 .. 
283 232 
1057 671 
168•• 
1057 671 
2677 1483 
404** 
4Llo 
Genotme 
8 4 
725 515 
5961 4923 
414 .. 
725 515 
2271 1675 
143 
2271 1675 
5961 4923 
221 
I' 
I 
~ 
Table 7. Summary of first order interactions of harvest series with moisture as they apply to total 
growth made 
Harvest Harvest date. total growth in centigrams and interactions 
Series 
Eight harvest 
One harvest 
Interaction 
Eight harvetst 
Four harvest 
Interaction 
Four harvest 
One harvest 
Interaction 
12/5 
Moisture 
Low High 
94 77 
192 186 
06 
12/26 
Moisture 
Low High 
120 137 
360 310 
66•• 
*Significant difference 5 per cent level. 
••Significant difference 1 per cent level. 
1/16 
Moisture 
Low High 
143 170 
652 956 
134* 
143 170 
387 475 
30 
387 475 
652 956 
108 
2/6 
Moisture 
Low High 
178 217 
1123 1735 
286•• 
2/27 
Moisture 
Low High 
224 292 
1715 2445 
331** 
224 292 
592 ill) 
226 .. 
592 lll) 
1715 2445 
104 
3/20 
Moisture 
Low High 
345 476 
2998 4464 668•• 
4/10 
Moisture 
Low High 
474 768 
4401 6375 
1680•• 
474 768 
1519 2390 
228•• 
1519 2390 
4401 6375 
552** 
N 
"" 
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Table 8. Yield in centigrams dry weight of leaves. crown and roots making 
up the total yield of the plant from the individual treatment 
within the 8- harvest series (leaves clipped at 21-day intervals) 
Component Treatment Harvest date. number of previous clippings 
part and yield in centigtams dEl weight 
11/14 12/5 12/26 1/16 2/6 2/27 3/20 4/10 
0 1 2 :2 4 2 6 z 
Leaves Oenotype 8 33 45 61 87 100 149 . 212 360 
4 18 20 39 45 67 94 148 201 
Difference 1,!1** 2,:2** 22 .. 42** :2:2** .:2!1** 64•• 1:22** 
Low moisture 36 46 59 75 106 153 212 
High moisture 30 55 75 92 137 208 347 
Difference 06 09 16•• 17 31 55* 135** 
Low nitrogen 22 32 49 68 75 131 194 276 
High nitrogen 28 34 51 65 92 112 166 280 
Difference 06 02 04 03 17 19 28 04 
Crown Genotype 8 31 41 53 62 73 92 139 233 
4 27 28 49 52 68 83 134 171 
Difference 04 13* 04 10 05 09 05 62** 
Low moisture 39 49 54 64 78 118 147 
High moisture 30 53 60 76 97 155 258 
Difference 09 04 06 08 19 37* lll*"' 
Low nitrogen 26 33 52 55 67 94 147 202 
High nitrogen 32 35 51 60 74 81 126 201 
Difference 06 02 01 05 07 13 21 01 
Roots Oenotype 8 17 21 25 32 38 42 72 131 
4 16 16 30 34 50 56 102 143 
Difference 01 05 05* 02 12* 14• 30* 11 
Low moisture 20 25 31 38 39 74 114 
High moisture 17 29 35 50 59 99 162 
Difference 0;2 04 04 12* 20** 2,:2* 48** 
Low nitrogen 16 19 27 33 44 55 92 144 
High nitrogen 18 18 28 34 44 43 82 132 
Difference 02 01 01 01 00 12 10 12 
*Significant difference 5 per cent level. 
**Significant difference 1 per cent level. 
I 
I 
I 
. 
Table 9. Yield in centigrams dry weight of the leaves, crown and 
roots making up the total yield of the plant from the 
individual treatment within the 4-harvest series (leave8 
clipped at 42-day intervals) 
Harvest date, number of previous clippings, 
Component Treatment and yield in centigrams drl weight 
part 12/5 l/16 2/27 4/10 
0 l 2 J 
Leaves Genotype 8 87 276 562 1040 
4 44 92 261 6)2 
Difference 4J*"' 184 .. 301•• 408*"' 
Low moisture 64 152 274 626 
High moisture 67 216 5J4 1046 
Difference OJ 64• 260*"' 4zo•• 
Low nitrogen 68 185 442 829 
High nitrogen 6J l8J J?l 842 
Difference 05 02 71 lJ 
Crown Genotype 8 79 178 Jl5 726 
4 61 lll 227 606 
Difference 18 6?•• 88• 120 
Low moisture 75 127 183 488 
High moisture 65 162 353 844 
Difference 10 J5 170 .... J56 ... 
Low nitrogen 72 142 293 667 
High nitrogen 68 147 245 665 
Difference 04 05 48 02 
/ 'Roots Genotype 8 57 126 181 414 
4 52 lll 183 438 
Difference 05 15 02 24 
Low moisture 54 110 134 352 
High moisture 55 129 227 500 
Difference Ol 19 93** 148 
Low nitrogen 56 121 189 442 
High nitrogen 52 116 174 410 
Difference 04 05 l.S 32 
*Significant difference .s per cent level. 
**Significant difference 1 per cent level. 
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Table 10. Yield in centigrams dry weight of the leaves. crown and roots 
making up the total yield of the plant from the individual 
treatments within the 1-harvest series (no previous harvests) 
Component Treatment Harvest date and lield in centigrams d~ weight 
part 12/26 l/16 2/6 2/27 J/20 4/10 
Leaves Genotype 8 195 420 827 1242 1741 2020 
4 102 162 )58 578 109) 150) 
Difference 9)** 258** 469* 664 .. 648** 517 .. 
Low moisture 122 2)1 445 757 1172 15)1 
High moisture 175 )51 740 106) 1662 1994 
Difference .2:2. 120 22.2 :206** 420** 46,2** 
Low nitrogen 143 )1) 585 904 1)84 1627 
High nitrogen 154 269 601 917 1449 1917 
Difference 11 44 16 l) 65 290** 
Crown Genotype 8 165 )45 545 853 1571 2413 
4 135 196 341 479 1139 2195 
Difference )0 149** 204** 374 .. 432** 218 
Low moisture 131 218 . 344 52) 1061 1748 
High moisture 169 324 542 808 1648 2838 
Difference 38'* 106• 198** 285 .. 587** 1090'*• 
Low nitrogen 146 299 447 665 1431 2389 
High nitrogen 154 242 438 666 1278 2220 
Difference 08 57 09 01 153* 169 
Roots Genotype 8 139 267 453 581 1059 146) 
4 134 219 333 427 860 1225 
Difference 05 48 120* 154** 199"' 238* 
Low moisture 108 20) 334 435 765 1142 
High moisture 165 284 452 573 1154 1542 
Difference 54** 81* 118* 1)8"' 389** 4oou 
Low nitrogen 1)6 250 399 505 10)1 1)90 
High nitrogen 1)7 236 )87 504 862 1)02 
Difference 01 14 12 01 169* 88 
*Significant difference 5 per cent level. 
**Significant difference 1 per cent level. 
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Table 11. Mean regrowth made by the plants of the individual treatments 
within the 8-harvest series (leaves clipped at 21-day intervals) 
and the 4-harvest series (leaves clipped at 42-day intervals) 
Harve8t date, number of previous clippings and 
Harvest Treatment centigrams of regrowth made {d~ weight} 
series 12/5 12/26 1/16 2/6 2/27 J/20 4/10 
1 2 J 4 5 6 7 
Eight Genotype 8 16 18 20 J4 45 67 lJJ 
(21-day 4 10 10 09 20 28 4J 68 
intervals) Difference 06 .. 08 .. ll** 14** 17** 24•• 65** 
Low moisture 14 l) 12 22 27 39 62 
High moisture 13 16 19 32 46 71 139 
Difference 01 OJ** 07** 10** 19** 32** 77** 
Low nitrogen 13 14 17 28 40 60 106 
High nitrogen 14 14 15 26 J4 50 95 
Difference 01 00 02 02 06 10 11 
Four ! £ 1 (42-d.ay Genotype 8 150 )24 489 
intervals) 4 59 161 J45 
Difference 91** 163** 144•• 
Low moisture 72 167 320 
High moisture 1:36 :315 515 
Difference 62** 148** 195** 
Low nitrogen 110 264 370 
High nitrogen 98 218 464 
Difference 12 46 94* 
*Significant difference 5 per cent level. 
••Significant difference l per cent level. 
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Proportions of component parts--leaves, cro~~. and roots 
Proportions of the three components making up the total plant are 
presented in Tables 12 , 13, and 14. Data in these tables show some 
striking differences between the two genotypes. It will be noted that 
in all three harvest series genotype 8 has a considerably higher propor-
tion of leaves tb~n genotype 4; whereas the reverse is true concerning 
roots. Genotype 4 has a consistently higher proportion of crown though 
this difference is not as great as with the roots. 
Nitrogen and moisture levels did not produce any consistent differ-
ences in the relative proportions of the plant parts. 
From these data it is apparent that the two genotypes differ 
markedly in proportion of plant parts. Genotype 8 is a heavier yielder 
and a larger portion of that yield goes into leaves. Genotype 4 puts 
a greater part of its growth into roots and is apparently a more bunchy 
grass, having a heavier crown. 
In the 8 harveat series, the progressive reduction in per cent 
crowns was balanced by a corresponding increase in per cent leaves, the 
roots remaining rather constant (Table 12). In the 4 harvest series 
(Table lJ) the proportion of the tota l plant represented by roots 
declined more with time than did crowns, while leaves made a correspond-
ing increase. 
On the l harvest series (Table 14) the proportion of roots decreased 
with time, especially genotype 4, while crowns increased and leaves 
remai ned rela tively constant. 
The genotypes used in this study reacted differently to the manage-
ment treatments imposed. 
Table 12. Proportion of roots, crown, and leaves from the individual 
treatments within the 8-harvest series (leaves clipped 
successively at 21-day intervals) 
:31 
Harvest date, number of previous clippings, 
Component Treatment and per cent of total plant 
part 11/14 12/5 12/26 l/16 2/6 2/27 J/20 4/10 
0 1 2 J 4 ~ 6 z 
Leaves Genotype 8 :39 42 4) 49 47 52 50 50 
4 22 ~2 ~~ ~~ J6 41 :28 ~8 
Low moisture :37 :37 42 41 46 4) 44 
High moisture ~8 ~2 42 42 4Z 4~ 44 
Low nitrogen :32 )6 )8 42 41 46 44 44 
High nitrogen )6 )8 )8 42 4) 47 44 45 
Crown Genotype 8 :39 )8 )8 )4 :35 )) )) :32 
4 42 42 42 :39 )6 )6 )5 :33 
Low moisture 41 41 38 )6 :35 )4 Jl 
High moisture 39 :39 )6 )5 )) )) )4 
Low nitrogen 40 4<) 41 )6 )6 34 34 )2 
High nitrogen 41 40 40 37 :35 :35 )) 33 
Roots Genotype 8 22 20 19 18 18 15 17 19 
4 29 25 25 26 27 23 27 29 
Low moisture 22 22 22 22 19 22 25 
High moisture 23 22 22 23 20 22 22 
Low nitrogen 28 24 22 2) 24 20 21 25 
High nitrogen 23 21 22 21 22 18 22 2:3 
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Table 13. Proportion of roots, crown, and leaves from the individual 
treatments within the 4-harvest series (leaves clipped 
successively· at 42-day intervals 
Harvest date, number of previous clippings 
Component Treatment and Eer cent of total Qlant 
part 12/5 1/16 2/27 4/10 
0 1 2 3 
Leaves Genotype 8 39 47 52 48 
4 28 29 39 38 
Low moisture 32 37 45 42 
High moisture 35 39 46 44 
Low. nitrogen 34 38 45 43 
High nitrogen 33 38 46 43 
Crown Genotype 8 36 31 30 33 
4 38 35 33 35 
Low moisture 39 33 31 33 
High moisture 35 32 32 35 
Low nitrogen 36 32 32 34 
High nitrogen 38 34 31 34 
Roots Genotype 8 26 22 18 18 
4 34 36 28 27 
Low moisture 28 30 24 24 
High moisture 31 28 22 21 
Low nitrogen 30 30 23 23 
High nitrogen 30 28 23 23 
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Table 14. Proportion of roots, crown and leaves from the individual 
treatments within the 1-harvest series (leaves not pre-
viously clipped) 
Component Treatment Harvest date and per cent of total Elant 
part 12/26 1/16 2/6 2/27 3/20 4/10 
Leaves Genotype 8 39 41 45 47 40 35 
4 27 28 J4 39 35 31 
Low moisture 32 34 38 43 39 35 
High moisture 33 35 41 43 37 31 
Low nitrogen 32 J5 J9 4J 36 JO 
High nitrogen 34 J5 40 4J 40 35 
·--Crown Genotype 8 33 33 30 31 36 41 
4 36 34 33 · 32 37 44 
Low moieture 36 33 30 JO 35 J9 
High moisture 34 33 32 32 37 45 
Low nitrogen 35 34 31 31 37 44 
High nitrogen 35 32 31 31 36 40 
Roote Genotype 8 28 26 25 22 24 2.5 
4 J7 J8 33 29 28 2.5 
Low moisture 32 32 31 27 26 26 
High moisture 33 32 27 24 26 24 
Low nitrogen 33 31 30 26 27 26 
High nitrogen 32 33 28 25 25 24 
/ 
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Water Used 
Water transpired by the plants 
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Main effects.--Genotype 8 used consistently more water and it made 
more growth throughout the entire study than genotype 4 (Table 15)t 
Plants grown at the two moisture levels differed significantly 
throughout the study in amount of water used. In all series plants 
with high moisture used more water and made more growth. 
Plants grown in soil high in nitrogen consistently used less water. 
However, as previously indicated, high nitrogen did not result in a 
greater total plant growth. 
Interactions.--Based on total water used, significant interactions 
resulted at most harvest dates between genotypes and harvest series 
(Table 16) and between moisture levels and harvest series (Table 17). 
The genotype x harvest series interactions resulted from the greater 
response of genotype 8 under the 4- or 1-harvest treatments than under 
the 8- or 4-harvest treatments, respectively. Genotype 4 did nearly 
as well under the 8 harvest treatment but lacked the ability to respond 
like genotype 8 to the less frequent harvests. 
Moisture level x harvest series interactions demonstrated the plants' 
ability to use more water when it was at a high level in the soil, than 
when at a lower level. Also at a high level a disproportionately 
greater amount of water was used at the less frequent harvest intervals. 
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Table 15. Average grams of water used, comparing two genotypes, high 
and low moisture levels and high and low nitrogen levels for 
plants in the 8-harvest series (leaves clipped each 21 days), 
the 4-harvest series (leaves clipped each 42 days), and the 
1-harvest series (leaves not previously clipped 
Harvest date, number of previous clippings 
Harvest Treatment and grams water used at succeeding harvests 
series 11/14 12/5 12/26 1/16 2/6 2/2? 3/20 4/10 
0 1 2 3 4 5 6 ? 
Eight Genotype 8 1?8 321 443 5?5 718 994 1453 2159 
4 14? 238 414 484 ?04 955 1436 1853 
Difference ~1 8;2** 22 21 14 :22 lZ ,:206•• 
Low moisture 289 391 4?8 628 828 1182 1543 
High moisture 270 466 58? 793 1122 1?21 2486 
Difference 19 ?5* 109* 165• 294*• 539** 943** 
Low nitrogen 187 318 465 571 ?20 1101 1616 2033 
High nitrogenl38 24<> 392 488 ?02 849 1281 1973 
Difference 49• ?8* 73* 83 18 252 .. 335 .. 60 
Q 1 2 1 Four Genotype 8 504 1268 2648 5543 
4 428 824 20?0 4339 
Difference ?6 444** 578• 1204** 
Low moisture 455 898 1574 3639 
High moisture 4?7 1195 3091 6148 
Difference 22 297 .. 1517** 2509** 
Low nitrogen 526 1101 2601 5229 
High nitrogen 406 992 2089 4637 
Difference 120* 
- 109 512* 592 
0 Q 0 0 0 Q 
One Genotype 8 988 1839 36J? 5890 9473 12853 
4 899 1238 2443 3972 7806 11150 
Difference 89 601** 1194**1918** 1667** 1703•• 
Low moisture ?70 1236 2298 3835 6411 9110 
High moisture 1117 1842 3782 6028 10868 14605 
Difference 347** 606•• 1484**2193** 445?** 5495** 
Low nitrogen 982 1693 3128 5135 9181 12046 
High nitrogen 905 1385 2952 4728 8098 11958 
Difference 77 308 176 407 1083 88 
*Significant difference 5 per cent level. 
**Significant difference 1 per cent level. 
Table 16. Summary of first order interactions of harvest series with genotype as they apply to 
total water used 
Series 
Eight harvest 
Eight harvest 
Four harvest 
Four harvest 
One harvest 
Harvest date. water used in grams and interactions 
12Li 12/26 1/16 2/6 2/27 J/20 4JlO 
GenotyPe GenotyPe GenotyPe Genotype Genotype GenotyPe Genotxpe 
8 4 8 4 8 4 8 4 8 4 8 4 8 4 
321 238 
504 428 
4 
443 414 575 484 718 704 994 955 1453 1436 2159 1853 
988 899 1839 1238 3637 2443 5890 3972 9473 7806 12853 ll150 
30 255** 590** 940** 825** 696** 
575 484 
1268 824 
175** 
1268 824 
1839 1238 
78 
994 955 
2648 2070 
270* 
2648 2070 
5890 3972 
670** 
2159 1853 
5543 4339 
449* 
5543 4339 
12853 lll50 
250 
*Significant difference 5 per cent level. 
**Significant difference 1 per cent level. 
\ 
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Table 17. Summary of first order interactions of harvest series with moisture as they apply to 
to total water used 
Series Harvest date, water used in grams and interactions· 
Eight harvest 
One harvest 
Eight harvest 
Four harvest 
Four harvest 
One harvest 
12/5 12/26 l/16 2/6 2/27 3/20 4/10 
Moisture Moisture Moisture Moisture Moisture Moisture Moisture 
Low High Low High Low High Low High Low High Low High Low High 
289 270 
455 477 
20 
391 466 478 581 628 793 828 1122 1182 1721 1543 2486 
770 1117 1236 1842 2298 3782 3835 6028 6411 10868 9110 14605 
136** 248** 66o•• 950•• 1959** 2276•• 
478 587 828 1122 1.543 2486 
898 1195 1574 3091 3639 6148 
94 612** 783** 
--
898 1195 1574 3091 3639 6148 
1236 1842 3835 6028 9110 14605 
1.54 338 1493** 
*Significant difference 5 per cent level. 
**Significant difference l per cent level. 
\...> 
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Water Requirement 
Water requirement based on total growth 
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Main effects.--The two genotypes used in this study differed in 
water requirement. This difference was consistent in the three harvest 
series throughout the study (Table 18). Differences in water require-
ment appeared early in the study and by the second harvest (42 days after 
the beginning of the study) were significant at the l per cent level. 
Plants grown at low moisture had a consistently lower water require-
ment than that of the high moisture group. with but two exceptions. 
Difference by harvests reached significance only in the l-harvest series. 
and during the latter part of the study. 
Plants receiving nitrogen had a lower water requirement. particu-
larly early in the study before the applied nitrogen was dissipated. 
Successive harvest of the leaf growth greatly increased the water 
requirement of the two genotypes (Table 19). The more frequent clipping 
(8 harvest) resulted in an increase in mean water requirement 30 to 91 
per cent over that of the unclipped series (l harvest) while the less 
frequent clipping (4 harvest) increased the mean water requirement ll 
to Jl per cent over the unclipped. The 2 genotypes responded alike. 
with an increase in water requirement as a result of clipping. Water 
requirement in the 8-harvest series increased from the first to the 
sixth harvest. then decreased to the eighth harvest (Table 18). 
Figure 3 illustrates the mean water requirement at intervals 
during the study for each harvest series. 
An unknown amount of water was required to produce the clones 
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Table 18. Grams of water required to produce one gram of dry matter, com-
paring genotypes, moisture, and nitrogen levels for the three 
different harvest series in which leaves were clipped each 21 
days (8-harvest series), each 42 days (4-harvest series) and 
left unclipped (1-harvest series) 
Harvest date, number of previous clippings, and 
Harvest Treatment water reguirement at succeedin' harvests 
series ll/14 12/5 12/26 l/16 2/6 2 27 3/20 4/10 
0 l 2 3 4 5 6 7 
Eight Genotype 8 232 318 321 330 364 365 342 304 
4 270 398 358 398 388 421 388 368 
Difference 38 80 .. 37** 68•• 24 56** 46** 64 .. 
Low moisture 338 332 353 363 386 357 340 
High moisture 378 347 373 390 400 375 333 
Difference 40 15 20 27 14 18 7 
Low nitrogen 318 419 371 403 402 401 375 340 
High nitro-
gen 184 297 308 320 350 376 356 333 
Difference 134** 122 .. 63** 83** 52** 25* 19 7 
0 0 2 
.l 
Four Genotype 8 232 2)8 z56 248 
4 277 272 316 269 
Difference 45** 34* 60** 21•• 
Low moisture 244 246 287 253 
High moisture 265 265 287 264 
Difference 21 19 0 ll 
Low nitrogen 280 276 295 268 
High nitrogen 229 234 278 250 
Difference 51** 42** 17 18 
2. 0 2. 2. 2. 0 
One Genotype 8 200 186 200 221 215 214 
4 250 220 238 270 250 225 
Difference 50** 34** 38** 49** 35** 11 .. 
Low moisture 224 202 212 230 218 209 
High moisture 226 204 227 258 247 230 
Difference 2 2 15* 28** 29** 21** 
Low nitrogen 241 2ll 227 255 238 220 
High nitrogen 210 196 211 236 227 219 
Difference 31** 15 16• 19** ll* l 
*Significant difference 5 per cent level. 
**Significant difference l per cent level. 
Table 19. Percentage increase in water requirement of the 4- and 8-harvest series over that of 
the 1-harvest series as a result of clipping 
Harvest date, number of previous clippings, and percentage increase 
Harvest Treatment in water reguirement 
series 11/14 12/5 12/26 1/16 2/6 2/27 3/20 4/10 Mean 
0 1 2 3 4 5 6 7 
- - - - -
Eight Genotype 8 37 60 77 82 65 59 42 60 
4 44 43 80 63 56 55 63 58 
Low moisture 38 48 75· 71 68 64 62 61 
High moisture 43 53 83 72 55 52 45 58 
Low nitrogen 50 54 91 77 57 57 54 63 
High nitrogen 30 47 63 66 59 57 52 53 
Mean 4o 51 78 72 60 57 53 
Q l z. l Mean 
Four Genotype 8 28 16 16 20 
4 24 17 20 20 
Low moisture 22 25 21 23 
High moisture 30 11 15 19 
Low nitrogen 31 16 22 23 
High nitrogen 19 18 14 17 
Mean 26 17 18 
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planted. If at the first harvest the clones had doubled in dry weight, 
the water requirement values at this date would be half what they 
should be. This introduced an error in the experiment which shows up 
in the first harvest, and to a lesser extent, in succeeding harvests. 
As plants grew larger, the amount of growth made with the unaccounted-
for moisture became a smaller fraction of the total growth, and therefore 
of less importance. Data in Figure J show the difference in the first 
harvest water requirement values when the unknown amount of growth 
made is estimated. This estimate was made by weighing several clones 
of similar size to those originally used. 
The mean water requirement of the plants in the 1-harvest series 
decreased from the first to the fourth harvest, then increased at both 
the fifth and sixth harvests and again decreased at the seventh and 
eighth harvests. To obtain eight comparisons in the 1-harvest series 
(only six are shown in Table 18) use was made of the first harvest in 
both the 8- and 4-harvest series, since these are similar in every 
respect. This is indicated in Figure J by the line for the 1-harvest 
series joining the firs t harvest of each of the other two series. Trend 
for the mean water requirement to decrease during the early part of the 
experiment and increase toward the end is likely associated with changes 
in humidity in the greenhouse rather than being the result of any increase 
or decrease in rate of growth (Figures 1 and 2) . The greater water re-
quirement of plants in the most frequently harvested series (Fi gure J) 
probably reflects the consequences of r epeated defoliation, keeping the 
plants weak, regrowth being made at the expense of the roots and crowns. 
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Continual reduction in the photosynthetic area of the plant greatly 
slowed down the replacement of carbohydrates and other necessary 
plant materials used in growth. 
Water requirement of plants in the 4 harvest series is intermediate 
between the more frequently clipped 8 harvest series and the not pre-
viously clipped 1 harvest series. Heat, humidity, photoperiod, and 
light intensity are factors that would also affect the absolute values 
of water requirement reported. 
Comparing total growth (Table 4), water used (Table 15) , and water 
requirement (Table 18), genotype 8 used more water, made proportionally 
more growth, and had a lower water requirement than did genotype 4. 
Plants at the high moisture level used more water, made more growth, 
but had a higher water requirement. In the low moisture series, al-
though growth was reduced, the plants were more efficient. 
Although in this study nitrogen did not affect growth, it made 
plants more efficient in use of water. 
Interactions.--Nitrogen yielded three significant interactions 
with harvest interval, all at early harvest dates (Table 20). These 
indicate that before nitrogen had been dissipated it tended to counter-
act the less efficient use of water under the frequent clipping treatment. 
Mos t of the interactions between harvest series and treatments were non-
significant, and these data are not presented. 
Genotype 4 was particularly inefficient in use of water in the 
8-harvest series. By the last harvest its water requirement was 21 
per cent higher than genotype 8 . However, in the 4-harvest and 1-harvest 
series the difference was only 8 and 5 per cent respectively. These 
Table 20. Significant interactions in water requirement (whole 
plant) involving nitrogen. genotype and moisture level 
with harvest interval. at specified harvest dates 
Harvest 
series 
8-harves t series 
1-harvest series 
8-harvest series 
4-harvest series 
Harvest period. treatment. and water require-
ment 
12/26 
tiitrogen 
Low High 
371 308 
241 210 
16* 
J:?:b 
410 280 
297 229 
35* 
for !Zicified harvest series 
l 6 !fLiQ iliQ 
Nitrogen GenotyPe Moisture 
Low High 8 4 Low High 
4o3 320 304 368 340 333 
211 196 214 225 209 230 
34** 26•• 14• 
304 368 
248 269 
22** 
*Significant difference 5 per cent level. 
**Significant difference 1 per cent level. 
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differences produced significant interactions between genotypes and 
the 8-and 4-harvest series (Table 20 ). 
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In like manner, a low moisture level was associated with a lower 
water requirement in the 1-harvest series, leading to an interaction 
significant at the 5 per cent level at this last harvest date. 
Considering interactions involving yield, water used, and water 
requirement for treatments with harvest series, the 8-harvest x ~-harvest 
series were most productive. One might suspect that these two series 
would create the greatest differences. Next in number are the 8-harveet 
x 4-harvest series interactions and the least common are the 4-harvest 
x 1-harvest interactions. This suggests that the 4-harvest series is 
more l ike the 1-harvest series than the 8-harvest series. 
Water requirement based on leaf growth onlY 
If water requirement is to be used as a breeding t ool, it would be 
desirable to be able t o obtain data on the water requirements of a 
group of plants relative to one another and at the same time maintain 
the plants for further use. To do this, some fractional part of the 
plant should be used whi ch will give an accurate estimate of the water 
requirement without killing the plant. With this in mind, an analysis 
similar to that in Table 18 was madeusing only leaf growth in the calcu-
lation of the water requirement. Results are presented in Table 21. In 
comparing the two tables, it will be noted that almost identical results 
_ were obtained. Differences are somewhat exaggerated with the two geno-
types when leaf growth water requirement is used. Although the values 
for water requirement are considerably larger when only leaves are used, 
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Table 21. Water requirement based on leaf growth for individual treat-
ments within the 3-harvest series having the tops clipped 
successively at 21-and 42-day intervals and not previously 
clipped 
Harvest date, number of previous clippings, and 
Harvest water re~uirement at succeeding harvests 
series Treatment 11/14 12/5 12/26 1/16 2/6 2/27 3/20 4/10 
0 1 2 3 4 5 6 7 
Eight Genotype 8 669 766 766 685 776 704 691 610 
4 969 1284 1091 1150 1071 1040 971 970 
Difference 300* 518 .. 325 .. 465** 295** 336** 280** 260** 
Low moisture 973 915 889 906 866 854 819 
High moisture 1078 942 936 941 878 814 768 
Difference 105 27 47 35 12 40 41 
Low nitrogen 1086 1249 1015 1021 lOll 920 885 822 
High nitrogen 551 802 842 797 836 824 787 768 
Difference 535** 447** 173U 224** 175** 96* 98 54 
Q 1 2 .l 
Four Genotype 8 591 484 491 515 
4 1001 974 827 717 
Difference 410** 420** ;2;26•• 202* 
Low moistur~ 780 750 667 625 
High moisture 812 707 660 612 
Difference 32 43 7 13 
Low nitrogen 864 758 688 638 
High nitrogen 728 699 · 638 600 
Difference 136** .59 50 38 
0 0 0 Q 0 0 
One Genotype 8 528 448 446 472 542 661 
4 905 793 700 684 706 698 
Difference :2ZZ** ;24!2 •• 2,!24** 212** 164** :2Z** 
Low moisture 713 613 575 551 576 579 
High moisture 721 627 571 606 671 781 
Difference 8 14 4 22 22** 202** 
Low nitrogen 774 649 603 607 668 735 
High nitrogen 659 592 542 549 579 626 
Difference 115** 57 61 .. 58** 89** 109** 
*Significant difference 5 per cent level. 
**Significant difference 1 per cent level. 
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the same relative differences appear between the treatments. From 
this, it would_ seem that with the two genotypes used in this study, 
the leaf growth alone is a good estimate of the water requirement. 
Comparing data in Table 18 with those in Table 21, it will be 
noted that using leaf growth only increases the water requirement value 
for genotype 8 approximately two-fold, while that of genotype 4 is nearly 
tripled. This indicates again that more of the total growth of genotype 
8 went into the above portion of the plant, particularly the leaves, and 
the exact proportion for any harvest data can be obtained from Table 12 
which brings out the differences in leaves {and r oots) between the two 
genotypes. 
Water requirement based on leaves and crown 
If leaf growth water requirement is a good estimate of water require-
ment based on total growth of these two genotypes, then it may be inter-
esting to know what increase in accuracy could be obtained by adding 
crown growth to the top growth. In further studies it would be possible 
to harvest .the top growth in such a way as to include most of the crown 
and yet leave enough for survival of the plant. 
To determine if any such increase in accuracy would be obtained, 
top growth water requirement and top plus crown growth water requirement 
were correlated with total growth water requirement. Any increase in 
accuracy due to addition of crown would be indicated by an increase in 
the correlation coefficients of th~ tops plus cro~~s water requirement. 
The correlation coefficients taken from a covariance analysis appear in 
Table 22. These correlations were made using the error sums of squares 
Table 22. Correlation coefficients of leaf growth water requirement with total growth 
water requirement after removing block and treatment effects 
Genotype 8 
8 harvest 4 harvest l harvest 
Top with total 
- .129 • 752** .820** 
Top+ crown .614* • 946•• .943 .. 
with total 
*Correlation exceeds 5 per cent level of significance. 
••correlation exceeds 1 per cent level of significance. 
Genotype 4 
8 harvest 4 harvest 1 harvest 
.81)** .450 .809** 
.903** .813** .508 
& 
after removal of block and treatment effects. Although a general 
increase in accuracy of the water requirement values was obtained 
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by adding crowns to the tops, the increase was not significant. This 
covariance calculation was made on the material from only one harvest, 
however, and represents only a small part of the study. An increase 
in accuracy which was significant might be obtained if more of the 
study were to be included. 
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SUMNARY 
This study was to investigate the influences of nitrogen, moisture, 
and harvest interval on two genotypes of orchardgrass which had been 
found by previous studies (11, 12) to differ significantly in water re-
quirement. 
Genotypes differed significantly in water requirement in this 
study. Genotypes had differentiated themselves significantly within 42 
days after the beginning of the study, implying that further studies to 
determine water requirement differences within the species may need be 
of only short duration. 
Genotypes differed significantly in total yield. Genotype 8, 
with the lower water requirement. gave a higher yield and produced 
more regrowth after each harvest than did the high water requirement 
genotype 4 . Regrowth of both genotypes was made at the expense of roots 
and crowns. 
Clipping the tops at 2~ and 42-day intervals increased the water 
requirement and lowered the yield of both genotypes. Both the increase 
in water requirement and the decrease in yield were much less severe in 
the case of the plants clipped four times at 42-day intervals than those 
clipped eight times at 21 day intervals. The two genotypes were more 
nearly alike when clipped frequently. When more time was allowed between 
harvests for regrowth, or when the plants were left unclipped. the inher-
ently higher producing genotype gave a greater difference in yield. 
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Plants at low moisture had a lower water requirement and a lower 
yield. Plants at high moisture produced a greater yield. but had a 
higher water requirement. Frequent clipping made similar use of water 
at high and low moisture levels. although they still differed significantly. 
~hen more time was allowed for regrowth or ~hen the plants were left un-
clipped, a much wider difference in water used occurred between the high 
and low moisture levels. 
Additions of nitrogen caused a lowering of the water requirement of 
plants of both genotypes. although nitrogen did not consistently increase 
the yields of the plants. 
Top growth alone was a fairly good esti~te of water requirement of 
these two genotypes, but the higher producing. lower water requirement 
genotype had a larger percentage of total growth in the leaves. 
A significant gain in accuracy of determining water requirement was 
not obtained by adding crowns to leaf growth. 
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